Most post transplantation lymphoproliferative disorders (PTLDs) are Epstein-Barr virus (EBV) associated B cell proliferations. We report a case of aggressive anaplastic large cell lymphoma expressing the anaplastic lymphoma kinase (ALK) protein in a 58 year old man who had previously undergone liver transplantation. A definite diagnosis was not possible on histopathological examination. Immunostaining clearly showed a predominant population of small irregular lymphocytes, admixed with large cells strongly positive for CD30, epithelial membrane antigen, and the ALK protein. Neoplastic cells were of the T/cytotoxic phenotype. In situ hybridisation with EBV encoded early RNA probes showed only a few scattered positive nonneoplastic small lymphocytes. Polymerase chain reaction analysis of immunoglobulin and T cell receptor rearrangements was negative. The NPM-ALK fusion transcript associated with the t(2;5) translocation was detected by reverse transcription polymerase chain reaction. A review of the literature revealed 76 cases of T cell PTLD, showing a broad spectrum of morphological features and clinical behaviour. Most of these cases were EBV negative (61 of 76) and occurred after renal transplantation (48 of 76). To our knowledge, this is the first case of ALK positive lymphoma occurring in the setting of organ transplantation. This observation stresses the need for accurate immunostaining for diagnosing this rare, apparently aggressive, lymphoma in immunosuppressed patients. P ost transplantation lymphoproliferative disorders (PTLDs) are a morphologically heterogenous group of usually Epstein-Barr virus (EBV) driven B lymphoid proliferations. 1 2 T cell PTLDs are much less frequent, and usually are EBV, human herpesvirus 8 (HHV-8), human T cell lymphotropic virus type 1 (HTLV-1), and HTLV-2 negative, 3 with the notable exception of Japanese patients who have undergone renal transplantation and who develop tumours often associated with HTLV-1. 4 Among T cell PTLDs, peripheral T cell lymphomas unspecified, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] T lymphoblastic lymphoma, 5 large granular cell leukaemia, 3 14-17 natural killer cell lymphoma, 4 18 19 T γδ hepatosplenic lymphoma, [20] [21] [22] cutaneous T cell lymphoma, 5 and CD30+ anaplastic large cell lymphoma 5 10 23 24 have been described, mostly in renal transplant recipients.
Here, we report the first case of ALK positive lymphoma occurring in the setting of solid organ transplantation and review cases of post transplant T cell lymphoma reported in the literature.
CASE REPORT
A 58 year old man underwent transplantation in July 1997 for hepatitis B cirrhosis. He had an uncomplicated course for 41 months, after which he presented with fever and axillary lymphadenopathy. After lymph node excision, the diagnosis of ALK positive anaplastic lymphoma was made. In spite of chemotherapy the patient rapidly developed lymphomatous pleural effusion and diarrhoea. Serological tests for EBV, human immunodeficiency virus, and HTLV-1 were negative. Bone marrow biopsy did not reveal lymphomatous involvement. Two months later, the patient presented with neurological problems with confusion, and a scannographic investigation suggested cerebral involvement. He died one week later. Necropsy was not performed.
PATHOLOGICAL FINDINGS
The lymph node architecture was obliterated by a lymphoid proliferation extending into the perinodal tissue. Residual follicles were seen and their dark appearance was in sharp contrast to the relatively pale staining of neoplastic sheets, which seemed to involve predominantly the paracortical area. In some areas, neoplastic cells were found in a background of oedematous, fibromyxoid stroma; collagen bands were also seen. Necrosis was absent ( fig 1A-D) . The morphological features of malignant cells were variable but, overall, the tumour consisted of a predominant population of small to medium sized cells with irregular, sometimes cerebriform, nuclei ( fig  1E) . Closer examination showed scattered large cells with the highly characteristic morphology of "hallmark cells" ( fig  1F) . 25 Non-neoplastic cells consisted of plasma cells and histiocytes, with plasma cells predominating.
IMMUNOPHENOTYPE AND GENETIC FEATURES OF NEOPLASTIC CELLS
Because of the suspected diagnosis of anaplastic large cell lymphoma, immunostaining with a large panel of monoclonal antibodies was performed. The CD30/Ber-H2 antibody reacted strongly with the large cells that were often seen around blood vessels (fig 2A) and weakly with small and medium sized neoplastic cells. The most interesting pattern of staining was seen with the monoclonal anti-ALK antibody, which reacts with the tyrosine kinase domain of the ALK protein. Large neoplastic cells showed strong cytoplasmic, nuclear, and nucleolar staining, whereas in the small and medium sized neoplastic cells the staining was restricted to the nucleus ( fig  2B) . Antibodies directed against T cell associated antigens were difficult to interpret because of the admixture of neoplastic and reactive lymphoid cells. However, neoplastic cells were found to be strongly reactive for CD43 and weakly positive for CD3. They were also positive for TIA1, perforin, and granzyme B cytotoxic granule associated proteins. Neoplastic cells were considered to be negative for the CD2, CD4, CD5, and CD8 antigens. The CD20/L26 monoclonal antibody reacted with residual follicles and the rare immunoblasts, and the plasma cells were polyclonal. Immunostaining with an anti-latent membrane protein 1 antibody was negative and in situ hybridisation using EBV encoded early RNA probes showed very rare positive CD20 positive B cells corresponding to reservoir B cells.
Genomic DNA was extracted from frozen lymph node sections. Polymerase chain reaction (PCR) analyses for immunoglobulin heavy chain gene rearrangement (FR1-JH, FR2-JH, and FR3-JH primers) and for T cell receptor γ and β chain gene rearrangements were negative. Total RNA was extracted from the lymph node sample and peripheral blood mononuclear cells. The detection of the nucleophosmin (NPM)-ALK fusion transcript was performed by reverse transcription PCR analysis, as described previously. 26 A clear band indicating the presence of a cell population bearing the NPM-ALK rearrangement was detected in both samples. The final diagnosis was anaplastic large cell lymphoma (small cell variant) with a T cytotoxic phenotype expressing the NPM-ALK protein (ALKoma).
DISCUSSION
T cell PTLDs are relatively rare: only 76 cases of have been reported to date. They include a broad morphological spectrum of lesions. Clinically, these T cell proliferations range from indolent oligoclonal expansions of T cells (large granular lymphocytes, CD8+ and CD57+) 14 to aggressive EBV negative T cell or natural killer cell lymphomas, consisting of intermediate to large sized lymphoid cells that usually occur late after transplantation and do not respond to a decrease in or withdrawal from immunosuppression. 3 9 18 20-22 Only 15 of these 76 cases were EBV positive. 4 5 7 9 12 16 19 In most cases (48 of 76) these lymphoproliferations occurred after renal transplantation. We only found two reported cases in patients after liver transplantation: an aggressive large granular lymphocytic leukaemia 14 and a liver localised T cell lymphoma without other specification. 27 In a recent study on PTLD, using univariate analysis, Leblond et al found that T cell origin, monoclonality, and the lack of EBV detection were adverse prognostic factors. 28 Anaplastic large cell lymphoma was first described in 1985 as a previously unrecognised lymphoid tumour in which the neoplastic cells were labelled by the monoclonal antibody Ki-1 (this cell surface antigen is now known as the CD30 molecule). 29 It was subsequently shown that many (31-85% of cases) of these tumours are associated with a recurrent translocation, the t(2;5) (p23;q35) translocation. 25 30 31 Expression of the ALK protein in these tumours is usually the result of the (2;5)(p23;q35) chromosome translocation, which fuses the ALK gene at 2p23 with the NPM gene at 5q35. 26 The ALK gene encodes a tyrosine kinase receptor belonging to the insulin growth factor receptor superfamily, which is normally expressed in nerve cells but silent in normal lymphoid cells. 32 In contrast, the NPM gene encodes a nucleolar phosphoprotein (involved in shuttling ribonucleoproteins from the cytoplasm to the nucleus), which is widely expressed. Its ubiquitous presence in normal lymphoid cells means that the NPM-ALK gene will be transcribed if cells acquire the (2;5) translocation. Recently, Pulford et al reported some evidence that the ALK protein is immunogenic. 33 Except for rare cases of diffuse large B cell lymphoma expressing the full length ALK protein, 34 the hybrid NPM-ALK protein is only expressed by anaplastic large cell lymphoma of T or null phenotype, sometimes referred to as ALKoma. 26 These ALK positive lymphomas show a broad spectrum of morphological features, including cases with a predominant population of small sized cells (also referred to as small cell variant anaplastic large cell lymphoma), as in our present case. Some cases may mimic inflammatory lesions of lymph nodes, and such a diagnosis was originally considered in our patient. 35 As in our present case, anaplastic large cell lymphomas are of T or null phenotype and often express the cytotoxic molecules perforin, granzyme B, and TIA-1.
"In immunosuppressed patients ALK positive anaplastic large cell lymphomas seem to be unusually aggressive because our patient died two months after diagnosis, whereas in immunocompetent patients the expression of the ALK protein is associated with a favourable prognosis"
To our knowledge, this is the first case of ALK positive lymphoma occurring after organ transplantation, although previously reported ALCL cases were not investigated for ALK protein expression. 5 9 23 24 Because this lymphoma was EBV negative and did not respond to decreased immunosuppression we cannot definitely say that it was related to the immune suppressed state. Fortuitous occurrence of this type of lymphoma in a patient after liver transplantation is a remote possibility. Nonetheless, in immunosuppressed patients ALK positive anaplastic large cell lymphomas seem to be unusually aggressive because our patient died two months after diagnosis, whereas in immunocompetent patients the expression of the ALK protein is associated with a favourable prognosis (five year survival, 70%). 30 31 36 Immunosuppressive treatment probably interferes with the specific B cell immune response to the NPM-ALK fusion kinase described by Pulford et al. 
Take home messages
• To our knowledge, this is the first case of anaplastic lymphoma kinase (ALK) positive lymphoma occurring after organ transplantation • The neoplastic cells were of the T/cytotoxic phenotype • The NPM-ALK fusion transcript associated with the t(2;5) translocation was detected by reverse transcription polymerase chain reaction • Accurate immunostaining is necessary for the diagnosis of this rare, and apparently aggressive, lymphoma in immunosuppressed patients
